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• 
SUMMARY AND CONCLUSIONS 
When acetylmethylcarbinol or diacetyl was added to a tomato 
bouillon culture of one of the citric acid fermenting streptococr.i 
normally present in butter cultures, there was a rapid disap-
pearance of the added reagent and an increase in 2,3-butylene 
glycol. The amount of the glycol produced accounted, in a gen-
eral way, for the acetylmethylcarbinol or diacetyl that disap-
peared. The added reagent did not usually disappear completely. 
In trials with acetylmethylcarbinol the change of the carbinol 
to the glycol was delayed when sulfuric acid was added in 
amounts to yield a pH of from 3.8 to 4.0. 
There was also a change of acetylmethylcarbinol or diacetyl 
to 2,3-butylene glycol when one of these reagents was added to 
a milk culture of one of the organisms. With the diacetyl there 
was an increase in the acetylmethylcarbinol as well as in the 
2,3-butylene glycol, and the increase in the carbinol was greater 
than the increase in the glycol. The added reagent did not disap-
pear completely in any of the trials. 
When various amounts of sulfuric acid were added to milk 
cultures of the organisms, acetylmethylcarbinol was not pro-
duced at the higher pH values but was produced at the lower 
values, while 2,3-butylene glycol was produced at both the high-
er and lower pH values. There was less of the glycol formed at 
the lower pH values than at the higher ones. The total molarities 
of acetylmethylcarbinol and 2,3-butylene glycol showed an in-
crease as the pH was lowered, although there were some irregu-
larities in the increase with one of the organisms. 
The addition of 0.65 percent citric acid to a milk culture of 
one of the organisms resulted in an increase in both acetyl-
methylcarbinol and 2,3-butylene glycol. 
. The reduction of acetylmethylcarbinol, which had been added 
to a ~ilk culture of one of the organisms, to 2,3-butylene glycol 
was not delayed by potassium nitrate in the quantity used but 
was delayed by the largest amount of hydrogen peroxide em-
ployed. 
In pure cultures of the citric acid fermenting streptococci 
which had been acidified with sulfuric acid to a pH of about 
3.9, the addition of acetaldehyde or propionaldehyde increased 
the amount of acetylmethylcarbinol present after 96 hours at 
21°C. but decreased the amount of 2,3-butylene glycol and also 
commonly decreased the total molarities of the two compounds. 
These results suggest that the increased production of acetyl-
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methylcarbinol is accounted for by a decrease in the reduction 
of the carbinol to the corresponding glycol, rather than to an 
aldehyde condensation involving, in part, the added aldehyde. 
In butter cultures the decrease in acetylmethylcarbinol was 
accompanied by an increase in 2,3-butylene glycol, and there 
was commonly an increase, from one examination to the next, in 
the total molarities of the two compounds. When ripened butter 
cultures were neutralized to a low acidity there was a rapid de-
crease in the acetylmethylcarbinol, and in some of the trials 
this was followed by an increase. The decrease in the carbinol 
was accompanied by a rapid increase in 2,3-butylene glycol, 
and there was also an increase in the total molarities of the two 
compounds. Hydrogen peroxide, in certain concentrations, de-
layed the reduction of acetylmethylcarbinol to 2,3-butylene gly-
col as did also 1 percent sodium fumarate or 12 percent sodium 
chloride. Ice water temperatures also delayed the reduction in 
either neutralized or unneutralized cultures, but the reduction 
was more rapid with neutralization than without. 
• 
Reduction of Acetylmethylcarbinol and 
Diacetyl to 2,3~Butylene Glycol by the 
Citric Acid Fermenting Streptococci 
of Butter Culturesl 
By B. W. HAMMER, G. L. STAHLY, C. H. WERh."MAN AND M. B. MICHAELJAN 
The early studies on the streptococci associated with Strep-
tococcus lactis in butter cultures indicated that these organisms 
are responsible for the formation of volatile acid from the cit.ric 
acid present in the milk used for the cultures. Later, it was 
shown that the organisms also produce acetylmethylcarbinol 
plus diacetyl from the citric acid and that a butter culture 
which has a satisfactory flavor and aroma contains relatively 
large amounts of these materials, while a culture which is lack-
ing in flavor and aroma contains little or none of thein. 
Determinations of the acetylmethylcarbinol plus diacetyl 
during the ripening of a butt.er culture show that these mater-
ials are only produced in considerable amounts when rather 
high acidities have developed in the culture. After the maxi-
mum quantity has been reached, a decrease begins, and it ap-
pears that, under the usual conditions of holding a butter cul-
ture, the amount of acetylmethylcarbinol plus diacetyl never 
remains constant but is either increasing or decreasing. The 
rate of decrease is variable and undoubtedly depends on various 
factors. A very rapid decrease results if a well-ripened culture is 
neutralized to a low acidity and held at. a temperature favorable 
for the growth of the butter culture organisms. 
Various bacteria are capable of reducing acetylmethylcarbinol 
to 2,3-butylene glycol, and this suggests that the disappearance 
of acetylmethylcarbinol plus diacetyl in a butter culture under 
the usual holding conditions may be due to the reduction of 
these materials to the corresponding glycol. The work herein re-
ported was undertaken to test out this suggestion. 
HISTORICAL 
DIACETYL AND ACETYLMETHYLCARBINOL IN BUTTER 
CULTURES 
In 1919, various laboratories (1,4,20) reported data indi-
cating that butter cultures normally contain two distinct 
• Project 451 of the Iowa Agricultural Experiment Station. 
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types of bacteria, (a) a typical lactic acid producing type 
(Streptococcns lac tis ) and (b) a type which is important 
from the standpoint of the production of satisfactory flavor 
and aroma. The studies on butter culture organisms at 
the Iowa Agricultural Experiment Station (4) emphasized 
the production of relatively large amounts of volatile acid by 
the one type; later (3), it was shown that citric acid is an im-
portant source of the volatile acid, and two species of the citric 
acid fermenting organisms (St1·eptococcns cit1'ovorus and Strep-
tococcus paracitrovortts) were recognized. 
The studies of van Niel, KluyYer, and Derx (24) and 
Schmalfuss and Barthmcyer (18) showed the importance of 
diacetyl as an aroma constituent of butter and indicated that 
diacetyl is formed through the oxidation of acetylmethylcarbinol; 
the presence of diacetyl in butter has been confirmed by various 
investigators. The compound has also been found in various 
other materials such as tobacco smoke, roasted coffee, and prob-
ably dark beer and honey (18). Recently Visser't Hooft and de 
Leeu w (25) noted the occurrence of the carbinol in yeast-
leavened commercial bread. In sour milk Schmalfuss and 
Barthmeyer (19) found about 10 times as much acetylmethyl-
carbinol as diacetyl. 
Following the early investigations indicating the importance 
of diacetyl in explaining the characteristic aroma of butter, the 
Iowa Agricultural Experiment Station (10) studied the pro-
duction of acetylmethylcarbinol plus diacetyl in butter cultures 
and found that cultures having satisfactory flavor and aroma 
contained comparatively large amounts of these materials, while 
cultures lacking in flavor and aroma contained relatively small 
amounts or none. The acetylmethylcarbinol plus diacetyl was 
found to be produced rapidly only when the acidity was high. 
In pure culture in milk, S. lac tis did not produce significant 
amounts of acetylmethylcarbinol plus diacetyl, but S. cit1·OV01·US 
and S. paracit1·ovOT1£S formed large amounts when the acidity 
of the milk was increased by adding anyone of a number of acids, 
although without the added acid the production was negligible. 
The formation of acetylmethylcarbinol plus diacetyl in butter 
cultures, or in pure cultures of the citric acid fermenting strep-
tococci which had been acidified, could be greatly increased by 
adding citric acid to the mille 
Raffay (16) noted that if aroma-producing organisms are 
used in cream the addition of 0.1 to 0.4 percent citric acid in-
creased the aroma. Ritter and Striissi (17) reported that desir-
able butter aroma is dependent upon the presence of diacetyl, an 
oxidation product of acetylmethylcarbinol, and that the carbinol 
is formed in cream and butter by the action of aroma-producing 
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organisms which utilize citric acid. In the opinion of these auth-
ors the addition of citric acid may produce excessive flavor and 
impair keeping quality. 
Templeton and Sommer (21) found that the addition of citric 
acid, or its equivalent as sodium citrate, to the milk to be used 
for butter culture increased the volatile acidity produced by ap-
proximately 50 percent, while the titrable acidity was increased 
not more than 10 percent. In a later paper these authors (22) 
reported that the addition of citric acid or sodium citrate to 
either cream or butter culture or both tends to produce a butter 
of more desirable flavor and aroma than the untreated butter 
made from the same cream. 
King (7) noted that, in the presence of air, butterfat was at-
tacked by qiacetyl and became bleached and tallowy; he sug-
gested that diacetyl may act on butterfat by oxidizing oleic acid 
to oleic acid peroxide which then breaks up into various com-
pounds having a pronounced tallowy odor and flavor, the diacetyl 
being reduced to acetylmethylcarbinol or even to 2,3-butylene 
glycol. 
In the early studies on the presence of acetylmethylcarbinol 
plus diacetyl in butter culture (10), it was noted that the 
amounts of these materials commonly decreased on continued 
holding of a culture and also that a rapid decrease took place 
when the acidity of a culture was reduced with sodium hydroxide. 
The citric acid fermenting streptococci appeared to be responsible 
for the destruction. 
THE REDUCTION OF DIACETYL AND ACETYLMETHYLCARBINOL 
TO 2,3-BUTYLENE GLYCOL 
Harden and Norris (5) , in discussing the formation of 
acetylmethylcarbinol and 2,3-butylene glycol, which they found 
as products of the dissimilation of several carbohydrates by 
Aerobactet- aet·ogenes, stated that is seems possible to represent 
the production as follows: 
2CHa.CHO ~ CHa·CO.CHOH.CHa 
CHa.CO.CHOH.CH il +2H ~CHa·CHOH.CHOH.CHa 
Neuberg and Nord (14) noted that diacetyl, when added to 
a fermenting mixture containing sugar and top yeast, disap. 
peared during the course of the fermentation. No acetylmethyl-
carbinol could be detected at the close, but 2,3-butylene glycol 
was present. Whether or not the reduction went by way of 
acetylmethylcarbinol was uncertain. Neuberg and Kobel (13) 
added acetylmethylca.rbinol to a fermenting mixture of cane 
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sugar and yeast and found the carbinol had disappeared by 
the third day; 2,3-butylene glycol was isolated from the ferment-
ed mixture and identified. Nagelschmidt (12) found acetylmeth-
ylcarbinol to be an intermediary product of the reduction of 
diacetyl to 2,3-butylene glycol by yeast; the added diacetyl had 
disappeared after 2 days. A considerable quantity of acetylmeth-
ylcarbinol was already present after 4.5 hours, while 2,3-butylene 
glycol was found in traces after 24 hours and in considerable 
quantities after 48 hours. Acetylmethylcarbinol was still present 
after 13 days. Nagelschmidt noted that diacetyl disappeared 
quickly and that the primarily formed acetylmethylcarbinol re-
quired a much longer time to be completely reduced to 2,3-
butylene glycol. 
Visser't Hooft and de Leeuw (25), in an investigation of the 
presence of acetylmethylcarbinol in bread, found that under 
certain conditions the carbinol formed during the early stages 
of the fermentation disappeared later. These investigators 
proved the presence of 2,3-butylene glycol in straight doughs to 
which acetylmethylcarbinol had been added. 
Kluyver (8) and 0 'Meara (15) accept 2,3-butylene glycol as 
the reduction product of acetylmethylcarbinol, which in turn is 
formed by the condensation of two molecules of acetaldehyde. 
Horowitz-Wlassowa and Rodionowa (6), on the other hand, be-
lieve that in cultures of Bacillus subtilis 2,3-butylene glycol re-
sults directly from the splitting of the sugar molecule and that 
acetylmethylcarbinol is a product of the biologic oxidation of 
2,3-butylene glycol. 
There are several references in the literature to the biologic 
oxidation of 2,3-butylene glycol to acetylmethylcarbinol in the 
absence of a fermentable carbohydrate. Walpole (26) demon-
strated the formation of acetylmethylcarbinol from 2,3-butylene 
glycol by cultivating A. aerogenes in a medium composed of only 
the glycol, peptone and water. Approximately six ' times as much 
of the carbinol was formed when oxygen was bubbled through the 
medium as was formed under anaerobic conditions. Lemoigne (9) 
noted an increase of acetylmethylcarbinol and a decrease of 2,3-
butylene glycol in a Proteus culture. Horowitz-Wlassowa and Ro-
dionowa (6) obtained the carbinol by growing Bacillus implexus 
or Bacill71,s viscost£S sacchari in a medium composed of 2,3-buty-
lene glycol and meat broth. Werkman (27) inoculated a medium 
consisting of 2,3-butylene glycol, ammonium sulfate and dipotas-
sium phosphate with strains of A. aerogenes, A. faeni, A. pectino-
vorum, A. motoritLm, A. mitificans and A. indologenes and detect-
ed acetylmethylcarbinol in cultures of each of the organisms on 
the second day. Unpublished data obtained at the Iowa Agricul-
tural Experiment Station show that 2,3-butylene glycol, when 
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biologically activated by resting cells of Aerobacillus polyrnyxa, 
donates hydrogen to methylene blue with the production of acetyl-
methylcarbinol. The Thunberg technique was used. The bacteria 
were grown on large agar surfaces, removed and suspended in a 
phosphate buffer solution whose pH was approximately 7. The 
cells were centrifuged, washed and recentrifuged. A heavy sus-
pension of the bacteria in a dilute solution of 2,3-butylene glycol 
containing phosphate was placed in a test tube having a side cup 
which contained methylene blue. The tube was placed in a con-
stant temperature bath at 30°C. and evacuated. The methylene 
blue was poured into the bacterial suspension by tilting the tube. 
The dye was reduced quickly and, immediately afterward, acetyl-
methylcarbinol was detected by the 0 'Meara (15) test for this 
compound. 
METHODS 
ACETYLMETHYLCARBINOL PLUS DIACETYL AND 
DIACETYL ALONE 
Acetylmethylcarbinol plus diacetyl was determined by the 
method employed by Michaelian and Hammer (11), while for 
the diacetyl alone the same procedure was used except that the 
material was steam distilled without the addition of ferric chlor-
ide. The weight of nickel dimethylglyoximate obtained per 200 
gm. of culture was used to calculate the molarity of acetylmethyl-
carbinol or diacetyl. 
2,3-BUTYLENE GLYCO'L 
The method used for the determination of 2,3-butylene glycol 
was that described by Brockmann and Werkman (2). A 50 ml. 
aliquot part of the culture is placed in an 800 ml. Kjeldahl flask 
and 40 gm. of anhydrous sodium carbonate are added. The car-
bonate prevents the distillation of acid and also decreases the 
solubility of 2,3-butylene glycol in water. One liter is steam dis-
tilled in approximately one hour. During the distillation the vol-
ume of liquid in the flask is kept constant. 
The glycol in the steam distillate is oxidized to two molecules 
of acetaldehyde by the use of potassium periodate and sulfuriC' 
acid. The acetaldehyde is distilled into a solution of hydrox-
ylamine hydrochloride. Acetaldoxime is formed and HCl equiv-
alent to the acetaldehyde is liberated (equations 1 and 2) 
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(1) CHg.CHOI-I.CHOH.CHg+HI04 ~2CHg.CHO+HIOg+H20 
(2) OHg.CHO+NH20H.HCI ~ CHg.CH=N-OH+H20+HCI 
The apparatus used for the oxidation consists of a I-liter 
Erlenmeyer flask to which is connected a reflux condenser that 
passes into an absorption tower containing a known volume of 
standard hydroxylamine hydrochloride solution. The whole ap-
paratus is equipped for aeration by suction. Five hundred ml. 
of the steam distillate are placed in the flask and to this are 
added 10 to 15 ml. of concentrated sulfuric acid and 100 to 150 
ml. of a potassium periodate solution containing about 3 grams 
of the periodate per liter. The reflux condenser is installed and 
connected to the absorption tower. The contents of the flask are 
brought slowly (0.5 hour) to a boil which is maintained for 2 
hours. When boiling commences, air is led through the apparatus 
for the 2 hours at the rate of about two bubbles per second. The 
absorption tower is then disconnected and drained into a flask. 
The tower is washed several times to insure removal of all the so-
lution. A 0.05 N sodium hydroxide solution is added to the hy-
droxylamine solution until neutral to methyl orange. Acetone 
(free from acid and alkali) is then added in excess to liberate hy-
drochloric acid, and the volume (Y) of standard sodium hydrox-
ide required to titrate the hydrochloric acid liberated from the 
excess hydroxylamine hydrochloride is determined. 
The hydroxylamine hydrochloride solution used in the ab-
sorption tower is standardized frequently, since ' it decomposes 
slowly on standing. It is standardized by making it neutra.1 to 
methyl orange, adding an excess of acetone, and determining the 
volume (X) of standard sodium hydroxide required to neutralize 
the liberated HCl. 
The molarity of the acetaldehyde resulting from the oxidation 
of the 2,3-butylene glycol equals (X ~ Y)N, in which: 
X =ml. NaOH for NH20H.HCl in absorption tower 
Y = ml. NaOH for unused NH20H.HCl in tower 
N = normality of standard N aOH 
F = ml. of original culture in 500 ml. of steam distillate 
The effect of acetylmethylcarbinol on the determination of 
2,3-butylene glycol was of special interest and significance since 
it was often present in the cultures concerned in these investi-
gations. In order to determine the effect of this compound, a 
solution of commercial acetylmethylcarbinol was prepared. The 
content of acetylmethylcarbinol was determined by the method 
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of van Niel (23). A lmown volume of the acetylmethylcarbinol 
solution was treated in the manner described for 2,3-butylene 
glycol. The results showed that one mole of acetylmethylcarbinol 
when oxidized with potassium periodate yielded one mole of 
acetaldehyde. 
It is evident, therefore, that the molarity of the 2,3-butylene 
glycol in a culture in which ace(ylmethylcarbinol also is present 
will be 
(X- Y)N -M 
F 
2 
in which 
M = molarity of acetylmethylcarbinol. 
The molarity of acetylmethylcarbinol was calculated as fol-
G X 0.61 X 5 = molarity lows: 88 
G = grams of nickel dimethylglyoximate in 200 ml. of culture. 
Diacetyl when subjected to oxidation with potassium periodate 
liberated a very slight and variable quantity of HCl from the 
hydroxylamine hydrochloride in the absorption tower. The effect 
of the presence of diacetyl on the 2,3-butylene glycol determina-
tion is so small, however, that it was disregarded in these in-
vestigations. 
CONTROLS 
The uninoculated sterile media used in the experiments de-
scribed contain one or more compounds which, when subjected to 
periodate oxidation, react with hydroxylamine hydrochloride to 
liberate small quantities of HCl, and the values obtained for 
2,3-butylene glycol are correspondingly high. In many instances, 
blank determinations were made on the uninoculated media, and 
the molarities found were subtracted from the corresponding 
2,3-butylene glycol molarities obtained with the various cultures. 
In other cases, because of difficulties in determining what should 
constitute the controls, no blank determinations were made and, 
consequently, the 2,3-butylene glycol molarities are high. In 
the latter instances, the changes in molarities between succes-
sive determinations are significant rather than the values re-
corded for 2,3-butylene glycol. Each table shows whether controls 
were used. 
VOLATILE ACID 
The volatile acid was determined by the method employed by 
Michaelian and Hammer (11 ) . The values recorded represent 
390 
the milliliters of Nj10 sodium hydroxide required to neutralize 
the first 1,000 ml. of distillate when 250 gm. of culture were 
steam-distilled after the addition of 250 ml. distilled water and 
15 ml. Nj1 sulfuric acid. 
TOMATO BOUILLON 
The tomato bouillon used had the following composition: 
Filtered tomato juice (from canned tomatoes) 40 percent 
Peptone (Bacto) 1 percent 
Peptonized milk (Bacto) 1 percent 
\Vater 58 percent 
The tomato juice was neutralized with sodium hydroxide to 
a pH of about 7.0. The peptone and peptonized milk were dis-
solved in the water, the solution added to the tomato juice, and 
the mixture filtered through cotton. The pH after sterilization 
was from 6.6 to 6.8. 
CULTURES USED 
The cultures of citric acid fermenting streptococci used were 
isolated from dairy products in connection with various studies 
on these organisms. The organisms were not differentiated into 
S. citrovorus and S. paracitrOV01"1lS because the two species are 
so closely related and also because, from the standpoint of a 
butter culture, one organism is believed to have essentially the 
same action as the other. 
EXPERIMENTAL 
The trials that were carried out on the r eduction of acetyl-
methylcarbinol and diacetyl to 2,3-butylene glycol by the citric 
acid fermenting streptococci of butter cultures involved two 
distinct types of media: (a ) tomato bouillon and (b) milk, both 
unmodified and modified. Tomato bouillon was used in the early 
trials, because this medium offered less difficulty than milk 
from the standpoint of determining 2,3-butylene glycol and, in 
addition, the streptococci under investigation grow very well 
in it. Later, the problem was studied with milk so that the re-
sults would be vfilry definitely applicable to dairy products. 
TRIALS WITH TOMATO BOUILLON 
The method usually employed with tomato bouillon was to 
inoculate the medium with a culture of one of the streptococci, 
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incubate at 21 °0. to allow the organisms to multiply extensively, 
add a sterile aqueous solution of acetylmethylcarbinol or 
diacetyl, and then determine the acetylmethylcarbinol plus 
diacetyi or diacetyl and 2,3-butylene glycol at once and again 
after various holding periods. 
Representative data obtained when acetylmethylcarbinol was 
added to a culture are given in table 1. (see also fig. 1). The 
results show a rapid decrease in the molarity of acetylmethyl-
carbinol in each culture studied and, commonly, this was ac-
companied by a corresponding increase in the molarity of 2,3-
butylene glycol. In general, the totals of the two molarities at 
the various examinations in a series were fairly uniform, but 
in one trial (with organism 29) the total at 0 hours was con-
siderably higher than the totals after 48 and 96 hours. The 
change from acetylmethylcarbinol to 2,3-butylene glycol was 
usually very rapid until there r emained only a small amount of 
acetylmethylcarbinol. In only one of the five trials did the 
acetylmethylcarbinol completely disappear, even with relatively 
long incubation of the cultures. It should be noted that in all 
cases the numbers of organisms in a culture at the time of adding 
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Fig. 1. Cha n ges in acetylmethy lcarbinol a nd 2,3-butylene glycol in a toma-
to bouillon culture t o which acet y lmethylcarbinol h a d been a dded . 
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TABLE 1. CHANGES IN ACETYLMETHYLCARBINOL AND 2, 3-BUTYLENE GLY-
COL IN TOMATO BOUILLON CULTURES. 
Tomato bouillon inoculated with a culture, incubated, and ame* then added. Temp. 21°C. 
Organism Hrs. incubation 
used before adding 
ame* 
29 48 
29 48 
37 48 
38 24 
49 24 
*acetylmethylcarbinol 
**2, 3-butylene glycol 
Controls used. 
Hrs. elapsed be-
tween addition of 
amc*andanalyses 
0 
48 
72 
I 
0 
4~ 
96 
0 
48 
96 
0 
24 
48 
72 
120 
0 
24 
48 
72 
120 
M olarity 
arne" 2, 3-b.g** total 
0.0052 0.0006 0.0058 
.0004 .0056 .0060 
.0003 .0058 .0061 
.0081 .0000 .0081 
.0027 .0030 .0057 
. 0028 .0034 . 0062 
. 0041 .0013 .0054 
.00015 .0049 .00505 
.0001 .0050 .0051 
.0030 .0005 .0035 
.0025 .0014 .0039 
.0003 .0036 . 0039 
.0001 .0035 .0036 
.000] 5 .0038 .00305 
.00405 .0004 .00445 
.0000 .0049 .0049 
.0000 .0049 .0049 
.0000 .0047 .0047 
.0000 .0049 .0049 
the acetylmethylcarbinol were large, due to the incubation of 
the inoculated tomato bouillon. 
Table 2 presents data obtained when diacetyl was added to a 
TABLE 2. CHANGES IN DIACETYL AND 2, 3-BUTYLENE GLYCOL IN TOMATO 
BOUILLON CULTURES. 
Tomato bouillon inoculated with a culture, incubated, and ac,* then added. Temp. 21°C. 
Controls used. 
Organism Hrs. incubation Hrs. elapsed be- Molarity 
used before adding tween addition of 
I aC2* aC2* and analyses SC!* 2, 3-b.g t otal 
29 24 0 0.0019 0.0003 
I 
0.0022 
48 .0003 .0009 .0012 
96 .0003 .0013 .0016 
144 .0003 . 0012 .0015 
49 24 0 .0025 .0010 .0035 
24 .0001 .0031 . 0032 
more aC2* added 
24- 0 .0019 .0030 .0049 
72-48 .0001 .0047 .0048 
*diacetyl 
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TABLE 3. EFFECT OF ADDED SULFURIC ACID ON THE CHANGES IN ACETYL-
METHYLCARBINOL AND 2, 3-BUTYLENE GLYCOL IN 
TOMATO BOUILLON CULTURES. 
Two lots of tomato bouillon inoculated with a culture. arne added with or without previous 
incubation, and sulfuric acid then added to one lot. Temp. 21°C. Controls used. 
Hrs. incubation Sulfuric Hrs. elapsed Molarity 
Organism before adding acid between addi- pH 
used amc added tion of arne 
arnc 12,3-b.g total and analyses 
29 24 none 0 4.6 0.00265 0.0006 0.00325 
20 4.35 . 0003 . 0030 .0033 
48 .0002 .0033 .0035 
-----------
0.17% 0 3.8 .0026 .0005 .0031 
20 .0008 . 0024 .0032 
48 .0006 .0028 .0034 
---------
29 0 none 0 6.3 .0026 . 0006 . 0032 
48 .0002 .0031 .0033 
---------
0.20% 0 4 . 0 .0023 . 0006 .0029 
48 .0023 . 0007 . 0030 
---------
49 48 none 0 4.5 .0023 .0005 .0028 
24 .0000 .0028 .0028 
72 .0000 .0026 .0026 
---------
0.17% 0 3.95 .0023 . 0003 .0026 
24 .0005 .0023 .0028 
72 .0000 .0031 .0031 
culture. In all cases there was a decrease in the diacetyl, and this 
was accompanied by an increase in 2,3-butylene glycol. ·With 
organism 49 the totals of the molarities of the two compounds at 
the various examinations in a series were fairly uniform, but 
with organism 29 the total at 0 hours was somewhat higher than 
the totals at the other examinations. The change from diacetyl 
to the glycol was rapid but in the three trials, which ran for 
varying periods, the diacetyl never disappeared completely. 
The effect of added sulfuric acid on the change of acetyl-
methylcarbinol to 2,3-butylene glycol is shown in table 3 (see 
also fig. 2). In all of the comparisons, the added acid delayed 
the reduction. In one trial (with organism 29), in which the 
organism was not allowed to gro,y before adding the acetyl-
methylcarbinol, there was no decrease of the carbinol in the 
presence of the acid, while the usual decrease occurred without 
the acid. With organism 49, the acetylmethylcarbinol disap-
peared entirely, either with or without the acid, but the disap-
pearance was more rapid in the absence of the acid than in its 
presence. In each series the totals of the two molarities at the 
various examinations agreed reasonably well. 
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Fig. 2. Effec t of sulfuric acid on the changes in acetylmethylcarbinol and 
2,3-butylene glycol in a tomato bouillon c ulture to which acetylmethylcarbinol 
h ad been added. 
TRIALS WITH MILK, UNMODIFIED AND MODIFIED 
The methods used with unmodified and modified milk varied 
widely because of the differences in the objectives of the various 
experiments. In all instances, however, the determinations of 
acetylmethylcarbinol and 2,3-butylene glycol were made on 
whey because of the interference of casein with the determina-
tion of the latter compound. The whey was obtained by heating 
the milk to thoroughly flocculate the casein (a small amount of 
sulfuric acid being added when the acidity of the milk was low), 
cooling and then filtering through paper. 
In a number of trials, acetylmethylcarbinol or diacetyl was 
added to whey which had been inoculated with; one of the citric 
acid fermenting streptococci and incubated at 21°C. for 24 or 
48 hours; the whey was obtained during the manufacture of 
cheddar cheese and was heated to clarify it before filtering 
through paper and sterilizing in flasks. Rapid decreases in the 
amounts of acetylmethylcarbinol or diacetyl did not occur. The 
organisms apparently grew very poorly in the whey, since there 
was no development of turbidity or sediment, as was the case 
with the tomato bouillon, and the trials with whey were aban-
doned. 
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TABLE 4. CHANGES IN ACETYLMETHYLCARBINOL AND 2, 3-BUTYLENE GLY-
COL IN SKIMMILK CULTURES. 
Skimmilk inoculated with a culture, incubated, and amc then added. Temp. 21°C. Controls 
used for first trial only. 
Organism Hrs. incubation Hrs. elapsed be-I Molarity 
used before adding twee.n addition 01 
amc arne and analyses amc 2,3-b.g total 
29 18 0 0.0019 0 .0001 0.0020 
24 .0009 .0010 . 0019 
48 .0009 .0008 . 0017 
72 . 0009 .0015 .0024 
96 . 0008 .0015 .0023 
29 24 0 .0016 . 0028 .0044 
48 .0009 . 0036 .0045 
96 . 0007 .0040 .0047 
240 . 0004 . 00405 .00445 
360 .0003 .0048 .0051 
29 24 0 . 0014 . 00235 .00375 
48 .00075 . 0037 . 00445 
96 .0007 . 0035 .0042 
Data obtained when acetylmethylcarbinol was added to a 
skimmilk culture of one of the streptococci are presented in table 
4. In each trial there was a rapid decrease in the molarity of the 
acetylmethylcarbinol and an increase in the molarity of the 2,3-
butylene glycol, with the sums of the molarities of the two com-
pounds at the various examinations remaining fairly constant. 
The acetylmethylcarbinol decreased more rapidly soon after it 
was added to a culture than later, and it never disappeared com-
pletely. 
Table 5 (see also fig. 3) gives the data obtained when diacetyl 
was added to a skimmilk culture of one of the organisms. In 
each case there was a decrease in the molarity of the" diacetyl 
and an increase in the molarities of the acetylmethylcarbinol 
and 2,3-butylene glycol, but the increase in the molarity of the 
acetylmethylcarbinol was greater than in that of the 2,3-butylene 
glycol. The totals of the three molarities at the various examina-
tions in a series were fairly uniform. 
The effect of the acid present on the production of acetyl-
methylcarbinol and 2,3-butylene glycol was studied by inocul-
ating a series of flasks of skimmilk with one of the organ-
isms, incubating 24 hours, and then adding different amounts 
of sulfuric acid or citric and surf'uric acids; determina-
tions of acetylmethylcarbinol and 2,3-butylene glycol were 
made 48 hours later. The results obtained are given 
in table 6. No acetylmethylcarbinol was produced at the 
higher pH .values, while relatively large amounts were formed 
at the lower values. The addition of citric acid increased 
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Fig. 3. Changes in diacetyl, acetylmethylcarbinol and 2,3-butylene glycol 
in a skim milk culture to which diacetyl had been added. 
the production of acetylmethylcarbinol. With both organisms 
there was less 2,3-butylene glycol formed at the lower pH values 
than at the the higher ones, which indicates that a high acidity 
interferes with the reduction of acetylmethylcarbinol to the gly-
col. In general, the total molarities showed an increase with a 
decrease in the pH, but there were some definite breaks in the 
increase with organism 32. The total molarity was increased con-
siderably when citric acid was added with organism 29 but not 
with organism 32. The volatile acidities were fairly constant with 
each organism in the absence of added citric acid, although t.he 
values increased slightly with a small amount of sulfuric acid and 
then decreased with the larger amounts of sulfuric acid; added 
citric acid increased the volatile acidity with each organism. 
The data reported by the Iowa Agricultural Experiment Sta-
tion show that the addition of several tenths of a percent of 
citric acid' to a milk culture of one of the citric acid fermenting 
streptococci results in a large production of acetylmethylcarbinol 
(10). The influence of the addition of 0.65 percent citric acid on 
the formation of both acetylmethylcarbinol and 2,3-butylene 
glycol is shown in table 7 (see also fig. 4). The expected increase 
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TABLE 5. CHANGES IN DIACETYL, ACETYLMETHYLCARBINOL AND 2, 3-
BUTYLENE GLYCOL IN SKIMMILK CULTURES. 
Skimmilk inoculated with a culturp, incubated, and ac, then added. Temp. 21°C. 
No controls used. 
Organism Hrs. incubation I Hrs. elapsed be- Molarity 
used before adding tween addition of 
aC2 aC2 and analyses ac, amc 2,3-b.g total 
29 24 0 0.0019 0.0000 0.0029 0.0048 
24 .0014 .0002 .0035 .0051 
72 .0009 .0008 .0032 .0049 
32 24 0 .0017 .0000 .0034 .0051 
24 .0007 .0008 .0037 .0052 
72 .0006 .0009 .0035 .0050 
38 24 
I 
0 .0019 .0000 .0033 .0052 
24 .0013 .0004 .0039 .0056 
72 .0007 .0009 .0038 .0054 
in the molarity of acetylmethylcarbinol occurred and was es-
pecially rapid during the early part of the holding period. 
There was also a striking increase in the molarity of 2,3-butylene 
glycol, but this began somewhat later than the increase in acetyl-
methylcarbinol. Between the last two examinations there was a 
slight decrease in the molarity of acetylmethylcarbinol and an 
increase in the molarity of 2,3-butylene glycol, an increase 
TABLE 6. PRODUCTION OF ACETYLMETHYLCARBINOL AND 2, 3-BUTYLENE 
GLYCOL IN SKIMMILK CULTURES AT DIFFERENT ACIDITIES. 
A series of flasks of skimmilk inoculated, incubated 24 hours, and different amounts of acid 
added to various flasks. Temp. 21 ·C. 
Controls used for second trial only. 
Organism pH Vol. acidity Molarity after 48 hours 
used Acid added at once after 7 
days amc 2,3-b.g total 
29 none 6.4 18.5* 0.0000 0.0026 0.0026 
0.1% s~furic 5.4 23.1* .0000 .0033 .0033 
.3 4 .5 23.2* .0005 . 0046 .0051 
.35 .. 4.1 21.6* .0012 .0044 .0056 
.4 .. 3.8 20.6" .0025 .0032 .0057 
.3 " and 
0.15% citric 4.05 32.1* .0037 . 0040 . 0077 
32 none 6.3 23.6 .0000 .0013 . 0013 
sulfuric 5.6 29.6 .0000 .0021 .0021 
5.1 30.9 . 0000 .0022 .0022 
.. 4.5 28.4 .0001 . 0032 .0033 
.. 4.0 25.4 .00065 .0020 .00265 
.. 3.9 25.9 .0008 .0014 .0022 
.. 3.7 21.8 .0012 .0020 . 0032 
" and 
citric 3.9 37.9 .0017 . 0015 .0032 
"After 48 hours rather than 7 days. 
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TABLE 7. PRODUCTION OF ACETYLMETHYLCARBINOL AND 2, 3-BUTYLENE 
GLYCOL IN SKIMMILK CULTURE WITH ADDED CITRIC ACID. 
4500 mI. skimmilk inoculated with organism 29, incubated and 0.65 percent citric acid then 
added. Temp. 21°C. No controls ased. 
Hours elapsed between 
addition of citric acid 
Molarity 
and analyses arne 2,3-b.g total 
0 0.0001 0.0020 0.0021 
24 . 0035 .0020 .0055 
48 .0063 .0032 .0095 
96 .0106 .0041 .0147 
144 .0117 .0051 .0168 
192 .0122 .0051 .0173 
288 .0124 .0050 .0174 
360 .0120 .0060 .0180 
that is larger than would have been expected after the molarity 
had been rather constant for some time. There was a continuous 
increase in the totals of the two molarities throughout the period 
of examination, although the increase was much more rapid 
early in the period than later. 
'rhe influence of potassium nitrate and hydrogen peroxide on 
T.rte reduction of acetylmethylcarbinol to 2,3-butylene glycol was 
ll1vestigated with the following procedure: A large volume of 
skimmilk was inoculated with the culture to be studied, incu-
bated, and acetylmethylcarbinol added. Determinations of acetyl-
methylcarbinol and 2,3-butylene glycol were then made, the cul-
ture divided, and portions treated with one of the reagents; 
after 48 and 96 hours, determinations of the carbinol and the 
glycol were again made. Table 8 presents the data obtained. 
Potassium nitrate did not delay the reduction of acetylmethyl-
carbinol to 2,3-butylene glycol. The largest quantity of hydrogen 
peroxide definitely delayed the reduction, while the smaller 
quantities did not. 
When a milk culture of a citric acid fermenting strepto-
coccus is acidified with sulfuric acid to a pH of about 3.9, divided 
into two parts, and a small amount of acetaldehyde ·added to one 
part, the acetylmethylcarbinol produced after an incubation 
period is often slightly greater in the presence of the aldehyde 
than in its absence. Other closely related aldehydes, such as 
propionaldehyde or n-butyraldehyde, act in the same way. The 
different aldehydes are known to be more or less inhibitory for 
various organisms, but the increased production of acetylmethyl-
carbinol might be due to an acetaldehyde condensation, involving, 
in part, the added alhehyde. Because of the tendency of acetyl-
>-
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methylcarbinol to be reduced to 2,3-butylene glycol by 
the citric acid fermenting streptococci, the effect of added 
aldehyde on the production of both acetylmethylcarbinol and 
2,3-butylene glycol was studied in four trials, using acetaldehyde 
and propionaldehyde. The results obtained are presented in 
table 9. In each trial the amounts of acetylmethylcarbinol present 
96 hours after acidifying the culture were greater when an 
aldehyde was added than when no aldehyde was used. The 
amount of 2,3-butylene glycol, however, was less with an alde-
hyde present, and the total molarities of acetylmethylcarbinol and 
2,3-butylene glycol were also less in three of the four trials. The 
effect of the aldehydes in increasing the yield of the carbinol 
and decreasing the yield of the glycol varied from trial to trial, 
but in each comparison acetaldehyde had essentially the same 
influence as propionaldehyde. With an incubation of 48 hours 
after acidifying the cultures, there was commonly a greater pro-
duction of acetylmethylcarbinol and a smaller production of 
2,3-butylene glycol when an aldehyde was present than when 
none was used, but in several instances the total molarity of the 
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Fig. 4. Production of acetylmethylcarbinol and 2.3-butylene glycol in a 
skim milk culture to which 0.65 percent citric acid had been added. 
TABLE 8. EFFECTS OF VARIOUS REAGENTS ON PRODUCTION OF ACETYLMETHYLCARBINOL AND 2, 3-
BUTYLENE GLYCOL IN SKIMMILK CULTURES. 
A large volume of skirnmilk was inoculated with a culture, incubated 24 hours and arnc added. Various portions were then treated in dillerent ways. 
Temp. 21°C. Controls used for second trial only. 
Organism Reagen t used Molarity at once Molarity after 48 hours Molarity after 96 hours 
used per 1000 m!. 
I I culture arne 2,3-b.g arne 2,3-b.g total arne 2,3·b.g tot.al 
29 none 0.0014 0.00235 0.00075 0.0037 0.00445 0.0007 
I 
0.003.5 
I 
0.0042 
1 gm. KNO. .0008 .0035 .0043 .0006 .0038 .0044 
0.5 rn!. H,O,* . 0015 . 00245 .00395 .0016 .0024 .0040 
29 none . 0023 .0000 .0020 .0013 .0033 .0012 .0023 .0035 
0.5 rn\. H,O, .00245 .0001 . 00255 .0023 .0007 .0030 
.1 m!. H,O, .0017 .0012 .0029 .0012 .0021 .0033 
. 05 m!. H,O, . 0019 .0013 . 0032 .0012 .0024 .0036 
.01 m!. H2O, . 0019 .0013 .0032 .0011 .0022 .0033 
*H,O,=30%. 
H::>-
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TABLE 9. EFFECT OF ADDED ACETALDEHYDE OR PROPIONALDEHYDE ON PRODUCTION OF ACETYLMETHYLCARBINOL AND 
2,3-BUTYLENE GLYCOL IN SKIMMILK CULTURES. 
A lot of skimmilk was inoculated with a culture, incubated 24 hours and acidified to a pH of about 3.9. The milk was then divided into three parts and 
aldehyde added to two. Temp. 21°C. Uninoculated milk treated in the same manner as the culture provided the controls. 
Organism Molarity after 48 hours Molarity after 96 hours 
used 
arne 2,3-b.g total arne 2.3-b.g total 
29 1200 m\. acidified milk 0.0023 0.0002 0.0025 0.0027 0.0012 0.0039 
1200 m\. acidified milk plus 1.5 m\. acetaldehyde . 0024 .0002 . 0026 . 0030 .0003 .0033 
1200 m\. acidified milk plus 1.5 m\. propionaldehyde .0022 .0000 .0022 . 0030 .0003 .0033 
32 1200 m\. acidified milk . 0013 .0018 . 0031 .0013 . 0020 .0033 
1200 m\. acidified milk plus 1.5 m\. acetaldehyde .0015 .0008 . 0023 .0019 .0004 .0023 
1200 m\. acidified milk plus 1.5 m\. propionaldehyde . 0017 . 0006 .0023 .0020 .0003 .0023 
29 1200 m\. acidified milk .0022 .0006 .0028 .0020 .0004 .0024 
1200 mi. acidified milk plus 1.5 m\. acetaldeh~de . 0026 .0004 .0030 . 0027 .0001 .0028 
1200 m\. acidified milk plus 1.5 m\. propional ehyde .0025 .0005 .0030 .00ii5 . 0000 .0025 
15 1200 m\. acidified milk .0014 .0013 . 0027 . 0012 .0018 .0030 
1200 m\. acidified milk plus 1.5 m\. acetaldehyde . 0023 .0009 .0032 . 0022 .0004 .0026 
1200 m\. acidified milk plus 1.5 m\. propionaldehyde .0022 .0004 .0026 .0020 .0005 .0025 
---- ---------
fI'o. 
o 
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two compounds was somewhat greater with an aldehyde present 
than without. 
From the results obtained it appears that the greater produc-
tion of acetylmethylcarbinol in the presence of aldehyde was 
due to the decreased reduction to 2,3-butylene glycol. With the 
decrease in the reduction, the acetylmethylcarbinol could ac-
cumulate in larger quantities than when no aldehyde was added. 
The lower total molarities of the two compounds, 96 hours after 
acidifying the cultures, when an aldehyde was added than when 
no aldehyde was used indicate that the aldehyde interfered 
with the activity of the organisms. Apparently, under the ex-
perimental conditions used, the increased yield of acetylmethyl-
carbinol was not accounted for by an aldehyde condensation. 
When a well-ripened butter culture is held under the usual 
holding conditions, a decrease in the acetylmethylcarbinol con-
tent commonly occurs, while if the culture is not well ripened 
an increase may take place. In order to determine whether the 
decrease in the acetylmethylcarbinol content of a butter culture 
during the holding is accompanied by an increase in 2,3-buty-
lene glycol, the data presented in table 10 were collected; each 
of the butter cultures studied was divided and one part held un-
modified, while the other part was neutralized with sodium 
hydroxide to from 0.08 to 0.15 percent acid, calculated as lactic, 
since previous studies (10) have shown that the disappearance 
of acetylmethylcarbinol is more rapid at a low than at a high 
acidity. With the cultures not neutralized, there was a decrease 
in the molarity of acetylmethylcarbinol from one examination to 
the next in three trials, while there was first an increase and 
then a decrease in the other trial; the increase occurred with a 
butter culture which had relatively low acetylmethylcarbinol 
content and total acidity. The molarity of 2,3-butylene glycol 
increased from one examination to the next in each trial, and 
the increase was more rapid early in the holding period than 
later. The total of the two molarities also increased from one 
examination to the next in each trial, and the increase was most 
rapid early in the holding period. With the neutralized cultures 
there was a rapid decrease in the molarity of the acetylmethyl-
carbinol in all four trials, while in two of the trials the decrease 
was followed by an increase; such an increase is to be expected 
if there is citric acid remaining in the culture, becau8t the total 
acidity rapidly develops to a point where acetylmethylcarbinol 
can be formed. In all the trials there was an increase in the 
molarity of 2,3-butylene glycol and also in the totals of the two 
molarities, although in one trial the increases were irregular. The 
increases, in general, were greater early in the holding period 
TABLE 10. CHANGES IN ACETYLMETHYLCARBINOL AND 2, 3-BUTYLENE GLYCOL IN NORMAL AND 
NEUTRALIZED BUTTER CULTURE. 
A regular commercial butter culture, sometimes madp from milk to which citric acid had been added, was divided into two parts and one part neutralized 
with sodium hydroxide while the other was not. Temp. 21°C. No controls used. 
----
Culture not neutralized Culture neutralized 
Hours 
elapsed Molarity Acidity Molarity 
Original after 
acidity arne 2,3-b.g total neutralization arne 2,3·b.g total 
0 0.89 0.0024 0 . 0022 0.0046 0 . 08 0.0024 0.0022 0.0046 
48 . 0014 .0066 . 0080 .0009 .0056 .0065 
96 .0012 .0069 .0081 .0013 .0074 .0087 
0 0 .82 .0012 .0043 .0055 0.135 .0012 .0043 .0055 
48 .00265 .0057 . 00835 .0004 .0043 .0047 
96 . 0020 .0066 .0086 .0012 .0046 .0058 
0 0.89 .0026 . 0035 .0061 0.15 .0026 .0035 .0061 
24 . 0022 .00485 .00705 .00055 . 0066 .00715 
96 .0014 .0058 .0072 . 0005 .0076 .0081 
0 0.91 . 0017 .00435 .00605 0 . 14 .0017 .00435 .00605 
24 .0014 .00515 .00655 . 0006 . 0067 .0073 
96 .00075 . 0059 .00665 .0000 .0075 .0075 
- ----- - - - -- - - -- - - ---- ---- -
~ 
o 
w 
404 
than later, although there were irregularities, especially in the 
case of the total molarities. 
The effects of various factors on the changes in the acetyl-
methylcarbinol and 2,3-butylene glycol contents of butter cul-
tures were studied by making determinations on each culture, 
dividing it into portions, and holding the various portions under 
different conditions. Table 11 gives the data obtained. With one 
culture the portion held at 21 DC. without modification showed 
little change in the acetylmethylcarbinol content from the first 
to the second determination, while the 2,3-butylene glycol con-
tent increased; during this period, presumably, both a reduction 
and a production of acetylmethylcarbinol occurred. From the 
second to the third determination there was a decrease in acetyl-
methylcarbinol and an increase in 2,3-butylene glycol. At 21 DC. 
hydrogen peroxide definitely delayed the reduction of the 
acetylmethylcarbinol to 2,3-butylene glycol, while neutralization 
permitted a very rapid reduction. In ice water, either without 
modification or with neutralization, the reduction of acetyl-
methylcarbinol to 2,3-butylene glycol was much less rapid than 
at 21 DC., although the reduction was more rapid with neutraliza-
tion than without. With the other culture the portion held at 
21 DC. without modification showed a decrease in the acetyl-
methylcarbinol content from the first determination to the 
second with a corresponding increase in 2,3-butylene glycol. 
From the second determination to the third there was no change 
in the acetylmethylcarbinol content but an increase in 2,3-
butylene glycol, so both a reduction and a production of acetyl-
methylcarbinol may have occurred. At 21 DC. hydrogen peroxide 
definitely delayed the reduction as did also 1 percent sodium 
fumarate, or 12 percent sodium chloride, while with neutraliza-
tion there was a very rapid reduction. In ice water, either with-
out modification or with neutralization, there was a much less 
rapid reduction than at 21 DC., although it was more rapid in the 
neutralized portion than in the unmodified portion. 
DISCUSSION OF RESULTS 
The results obtained indicate that, under certain conditions, 
the citric acid fermenting organisms of butter cultures are 
capable of reducing acetylmethylcarbinol or diacetyl to 2,3-
butylene glycol and that this reduction accounts for the disap-
pearance of acetylmethylcarbinol and diacetyl in butter cul-
tures. The literature shows that various organisms can bring 
about this change, so it is not an unusual one. Since acetyl-
methylcarbinol is important as a source of diacetyl (a compound 
that is desirable from the standpoint of the odor of butter cul-
TABLE 11. EFFECTS OF VARIOUS FACTORS ON THE CHANGES IN ACETYLMETHYLCARBINOL AND 2, 3-
BUTYLENE GLYCOL IN BUTTER CULTURE. 
A regular butter culture, made from milk to which citric acid had been added, was div:ided and portions held under various conditions. No control, u.ed. 
Molarity 
Original 
Holding conditions acidity at once after 48 hours after 120 hours 
arne 2, 3-b.g arne 2, 3-b.g total arne 2, 3-h.g total 
0.85 21°C. 0 . 0028 0.0027 
wi thout modification 0.00285 0.0055 0.00835 0.00235 0.0070 0.00935 
with 0.5 ml. H,O,~ per 1000 mi. .0037 .0035 .0072 .0032 .0049 . 0081 
after neut. (with NaOH) to 0.11 % acid .0000 .0070 .0070 .00005 .0073 .00735 
In ice water 
without modification . 0031 . 0038 .0069 .0034 . 0043 .0077 
after neut. (with NaOH) to 0.11 % acid .0023 .0034 .0057 .00195 .0048 .00675 
af ter 96 hours 
0.93 21°C. .0022 . 0051 
without modification .0015 . 0059 .0074 .0015 .0069 .0084 
with 0.5 ml. H,O, per 1000 ml. .0020 .0053 .0073 .0022 .0053 .0075 
with 1% sodium fumarate .0023 .0055 .0078 .0023 .0055 . 0078 
with 12% sodium chloride .00185 . 0055 . 00735 .0017 .0056 .0073 
after neut. (with NaOH) to 0.21 % acid .0000 .0079 .0079 .0000 .0083 .0083 
In ice water 
without modification .0020 .0056 .0076 . 0022 . 0058 .0080 
after neut. (with NaOH) to 0.21 % acid .0016 . 0063 .0079 .0011 .0066 .0077 
._. 
*H,O, =30% 
.... 
o 
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tures and butter in which culture is used), the reduction of the 
carbinol to 2,3-butylene glycol is presumably an undesirable 
transformation. 
The delay in the reduction of acetylmethylcarbinol to 2,3-
butylene glycol at a low pH, both in a pure culture of one of the 
citric acid fermenting streptococci and in a butter culture, in-
dicates that the acid produced in a butter culture not only favors 
the formation of acetylmethylcarbinol but also tends to prevent 
its reduction. Since ice water temperatures also delayed the re-
duction in a butter' culture, the practice of cooling ripened cul-
tures appears to be a desirable one. Both a low pH and a low 
temperature are unfavorable for the activity of the organisms 
and would be expected to delay the reduction of the acetyl-
methylcarbinol. While various chemicals would delay the reduc-
tion, the use of any of them, except sodium chloride, in the 
manufacture of butter would be a questionable procedure. The 
data obtained suggest that in salted butter the added sodium 
chloride and the low holding temperatures may be factors in 
preventing the disappearance of acetylmethylcarbinol. 
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